Objective-To assess the prevalence of symptomatic and silent myocardial ischaemia in patients with hypertensive left ventricular hypertrophy.
Patients-90 patients (68 men and 22 women; mean age 57 (range 25 to 79)) with left ventricular hypertrophy due to essential hypertension.
Interventions-48 hour ambulatory ST segment monitoring (all patients), exercise electrocardiography (n = 79), stress thallium scintigraphy (n = 80), coronary arteriography (n = 35).
Results-43 patients had at least one episode of ST segment depression on ambulatory electrocardiographic monitoring. The median number of episodes was 16 (range 1 to 84) with a median duration of 8-6 (range 2 to 17) min. Over 90% of these episodes were clinically silent. 26 patients had positive exercise electrocardiography and 48 patients had reversible thallium perfusion defects despite chest pain during exercise in only five patients. 18 of the 35 patients who had coronary arteriography had important coronary artery disease. Seven of these patients gave no history of chest pain.
Conclusions-Symptomatic and silent myocardial ischaemia are common in hypertensive patients with left ventricular hypertrophy, even in the absence of epicardial coronary artery disease.
There is now considerable epidemiological evidence that hypertensive patients with left ventricular hypertrophy are at increased risk of all manifestations of coronary heart disease. `13 Myocardial infarction and stable and unstable angina are all more common in these patients. This relation persists even after correction for the contribution of hypertension and other risk factors for atherosclerosis. 23 The presence of electrocardiographic left ventricular hypertrophy carries a prognosis similar to that of electrocardiographic evidence of a previous myocardial infarction. 5 Despite the large number of epidemiological studies there are few data on the objective assessment of myocardial ischaemia in individual patients with hypertensive left ventricular hypertrophy. We have shown previously that patients with hypertensive left ventricular hypertrophy may have thallium perfusion abnormalities or coronary artery disease and yet be symptom free. 6 Because chest pain was an exclusion criterion for the previous study, however, the patients were not representative of all patients with hypertensive left ventricular hypertrophy. We therefore conducted the present study to assess prevalence of symptomatic and asymptomatic myocardial ischaemia in hypertensive patients with left ventricular hypertrophy attending a hospital based hypertension clinic and to determine the best non-invasive method to identify prognostically important coronary artery disease in these patients.
Patients and methods
We recruited 90 consecutive patients (68 men) (mean age 57 (range 25 to 79) years) who agreed to be in the study and fulfilled the following criteria:
(a) they had essential hypertension-secondary hypertension was excluded by clinical evaluation, routine biochemical screening, chest x ray, and, where indicated, intravenous pyelography. (b) they had the electrocardiographic pattern of left ventricular hypertrophy and strain.
The study was approved by the ethics committee of Glasgow Royal Infirmary. The patients provided written informed consent for the invasive procedures and verbal consent for the non-invasive investigations.
ELECTROCARDIOGRAPHY
Twelve lead electrocardiograms were recorded with the Glasgow CARE (computer assisted reporting of electrocardiograms) system.7 For the purposes of this study left ventricular hypertrophy and strain were defined as ST segment depression and T wave inversion of 01 mV or more in I, aVL, V5, or V6 in the presence of voltage criteria (SV1 + RV5 > 3 5 mV) for left ventricular hypertrophy.
ECHOCARDIOGRAPHY
We assessed the degree of left ventricular hypertrophy by echocardiography performed with an Advanced Technology Laboratories ergometer. The workload was increased by 50 W every 3 minutes up to a symptom limited maximum. At the end of each stage and at maximum exercise blood pressure was measured by cuff sphygmomanometer, a simultaneous 12 lead electrocardiogram was recorded, and the heart rate was estimated from the RR interval. We calculated the maximal oxygen uptake from the maximum load during the final stage of exercise using nomograms from normal subjects9 and patients with cardiovascular disease.'0 The double product was calculated from the product of systolic pressure at peak exercise and maximal heart rate.
The exercise electrocardiograms were recorded at a paper speed of Thallium-201 chloride (80 MBq) was injected at peak exercise via an indwelling antecubital cannula 30 to 60 s before the end of symptom limited maximal exercise. Images were acquired in list mode for 300 s for each projection and electrocardiographically gated. Data were acquired in the anterior, 450 left anterior oblique and 750 left anterior oblique projections by a mobile gamma camera (General Electric) fitted with a high sensitivity collimator interfaced to a dedicated computer. The images were then put into an eight frames per cycle gated study format representative of the cardiac cycle. Beats deviating by 20% or more of the mean RR interval were excluded. Redistribution images were obtained four hours later in the same fashion.
The studies were analysed by visual inspection of the gated study by two experienced observers. The ventricle was divided into five segments in each projection. A perfusion defect was deemed to be present if the predominant colour in that segment was reduced by at least two of the 16 colour levels. A reversible perfusion defect was defined as one that showed partial or complete resolution on the redistribution images compared with the post-stress images.'7 Images that did not change significantly were classified as fixed defects.
REPRODUCIBILITY OF INTERPRETATION OF THALLIUM SCINTIGRAPHY
The intraobserver and interobserver variability was assessed for 50 of the thallium scans. The images were reviewed independently by two observers (SP and WM). Each observer completed a pre-printed report form representing the six images from each patient (three immediately after exercise and three redistribution images). After completion of the reports the number of regions in which there was a disagreement was compared firstly between the observers and secondly between the same observer on two different occasions.
In total there were 1500 regions in these 50 patients and a disagreement in perfusion was present in 33 regions between observers and in 37 between the first and second review of the same scan. Thus the interobserver reproducibility was 97-8% and intraobserver reproducibility was 97 5%.
CORONARY ARTERIOGRAPHY
We considered the desirability of coronary arteriography for each patient bearing in mind their age, general health, and coexistent medical problems. Sixty two patients were considered suitable and 35 agreed to undergo coronary arteriography. The remaining 27 patients declined mainly because of a reluctance to be admitted to hospital rather than anxiety about the procedure. There was no conscious bias towards recruiting patients with chest pain for coronary arteriography. Indeed the patients who did not have invasive invesigations tended to be older and therefore might have been expected to have more coronary artery disease.
The femoral artery was cannulated by the Usefulness of the non-invasive investigations Table 6 gives the results of the non-invasive investigations for the 35 patients who had coronary arteriography and their sensitivity, specificity, positive predictive accuracy, negative predictive accuracy, and overall predictive accuracy.
Discussion
The similarity in the clinical course of patients with previous myocardial infarction and those with left ventricular hypertrophy and strain in the Framingham study has led to the suggestion that the electrocardiographic pattern typical of these conditions signified the onset of coronary artery disease.4 As only half of the patients in our study who had coronary arteriography had coronary artery disease, however, this cannot be the only explanation for the electrocardiographic finding. The absence of obstruction to the epicardial coronary arteries does not of course exclude myocardial ischaemia. In patients with left ventricular hypertrophy and normal coronary arteries, typical angina" and objective signs of myocardial ischaemia"' are well recognised.
In the present study chest pain and noninvasive indicators of myocardial ischaemia were present in five patients with left ventricular hypertrophy and normal coronary arteries. In total 43 patients had at least one episode of ambulatory ST segment depression consistent with myocardial ischaemia. As in a recent study of hypertensive patients with normal coronary arteries over 90% of these episodes were clinically silent. 26 There are several factors that may be responsible for myocardial ischaemia in hypertensive left ventricular hypertrophy. There is a transmural gradient of blood flow in left ventricular hypertrophy with reduced flow in the subendocardial layers27 that is accentuated by pacing28 and exercise.29 Although total myocardial blood flow is increased in left ventricular hypertrophy, the flow per 100 g is significantly reduced30 because of decreased coronary vascular reserve31 and perhaps disease of the small vessels. 22 The ability of the coronary vasculature to maintain perfusion over a range of pressures may be altered by left ventricular hypertrophy.32 Because oxygen extraction is almost maximal in the coronary circulation there is no mechanism, as there is in the cerebral circulation, whereby the effects of lower perfusion pressures can be compensated for by an increase in oxygen extraction.33 This may be important during sleep when diastolic blood pressure often falls by up to 25%.34 Certainly if the blood pressure is reduced by treatment to below the theoretical autoregulatory range, decreased coronary flow35 and myocardial ischaemia36 occur. Similar mechanisms have been proposed37 as a possible explanation for the excess mortality found in some studies (but these are disputed by several workers) if treated diastolic blood pressure falls below 85-90 mm Hg-the so-called J shaped mortality curve. 38 The results of the present study are compatible with these theories and they emphasise the importance of myocardial ischaemia in patients with hypertensive left ventricular hypertrophy even in the absence of epicardial coronary artery disease.
Another important clinical question is how best to identify prognostically important coronary artery disease in hypertensive patients with left ventricular hypertrophy and strain. This is particularly relevant because most of the myocardial ischaemia in this study did not cause symptoms. Ambulatory monitoring of the ST segment has been shown to be useful in detecting symptomatic and silent myocardial ischaemia in patients with ischaemic heart disease. 16 (44-4%) criteria the specificity was reduced (70-6% and 29-4% respectively).
In our group of patients, thallium scintigraphy was the most useful method for the identification of coronary artery disease. The sensitivity was 88-9%, which is comparable with reported series of patients with ischaemic heart disease in our hospital'7 and elsewhere. 44 The specificity of 52-9% was much less than for patients with ischaemic heart disease (89-97%). 4 The discrepancy is presumably due to the presence of myocardial ischaemia despite normal coronary arteries.
It is not possible from our results to determine whether the "false" positive non-invasive tests are such or are actually correctly identifying areas of ischaemia caused by left ventricular hypertrophy even in the absence of coronary artery disease. Two studies published recently, however, accord with our own results suggesting that the non-invasive findings are caused by myocardial ischaemia in these patients. 2645 In terms of excluding epicardial coronary artery disease the negative predictive accuracy is perhaps the most useful criterion to assess the value of the test. Our results showing a negative predictive accuracy of 81 8% accord with those of Tubau et al who reported that over a 38 month period of follow up the negative predictive value of thallium scintigraphy for the subsequent development of angina symptoms was 94% 46 In summary, our results have shown that not all patients with left ventricular hypertrophy and strain have obstructive coronary artery disease. Non-invasive indicators of myocardial ischaemia are common in patients with left ventricular hypertrophy and strain even in those without symptoms or coronary artery disease. Symptoms of chest pain during exercise or during normal daily activities are poor indicators of the presence of myocardial ischaemia and much of this ischaemia is silent. Thallium perfusion scintigraphy is a useful investigation for the identification of coronary artery disease in these patients.
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